Eliminating Spurious Zero-Efficiency FRET States in Diffusion-Based Single-Molecule Confocal Microscopy.
Single-molecule Förster resonance energy transfer (smFRET) of freely diffusing biomolecules using confocal microscopy is a simple and powerful technique for measuring conformation and dynamics. However, a spurious zero-FRET population can significantly distort the measured histograms and lead to incorrect results, particularly in measurements of intrinsically low-FRET systems. Using a model system consisting of duplex DNAs, we show that there are two important contributions to the zero-FRET state: (1) formation of a dark triplet state of the acceptor dye and (2) the presence of donor-only strands due to incomplete hybridization between donor- and acceptor-labeled strands. The combined strategy of using Trolox as a triplet-state quencher and labeling the same DNA strand with donor and acceptor dyes effectively eliminates the zero-FRET population, even for constructs with intrinsically low FRET efficiencies. This strategy allows us to perform smFRET experiments using a simple confocal microscope with improved accuracy.